Plant ribonucleic acids which have high adenosine monophosphate concentrations were studied. Purified deoxyribonucleic acid-like ribonucleic acid and tenaciously bound ribonucleic acid fractions both contained poly-adenosine monophospliate sequences (those from the latter being longer than those from the former); without these poly-adenosine monophosphate sequences their base compositions were the same. The average poly-adenosine monophosphate sequence from purified tenaciously bound ribonucleic acid was 160 residues long, as measured by gel electrophoresis. However, base hydrolysis and chromatography indicated one 3'-nucleoside (adenosine) Concentrations of kinetin which inhibit the synthesis of TB-RNA, a RNA which has about 40% AMP in its base composition, also inhibit auxin-promoted elongation (19). In designing experiments to determine whether the inhibition of TB-RNA by kinetin was important in the hormonal activities (21) of kinetin (as opposed, for example, to this inhibition of RNA synthesis by kinetin being simply an adenine analog effect), we realized that additional characterization of these RNAs which have high AMP concentrations was necessary. We conclude from the following experiments that if poly-A is removed from D-RNA and TB-RNA their base compositions are the same, that the chain length of the AMP-rich polynucleotide from purified TB-RNA is between 72 (as determined by nucleoside/nucleotide ratio) and 160 (as determined by gel electrophoresis), and that the TB-RNA/D-RNA ratio is higher in the cytoplasm than in the nucleus. These data can be interpreted to mean that D-RNA represents an early, nuclear form of mRNA that later becomes TB-RNA, which is the active message in the cytoplasm.
8, 10, 11, 13, 17, 19) . Compounds which inhibit the synthesis of soybean D-RNA, a RNA with a base composition high in AMP and very similar to DNA, also inhibit long term growth responses to auxin (8, 9) . It has been suggested that D-RNA or TB-RNA, or both are actually mRNA (3, 4, 7, 17) . Concentrations of kinetin which inhibit the synthesis of TB-RNA, a RNA which has about 40% AMP in its base composition, also inhibit auxin-promoted elongation (19) . In designing experiments to determine whether the inhibition of TB-RNA by kinetin was important in the hormonal activities (21) of kinetin (as opposed, for example, to this inhibition of RNA synthesis by kinetin being simply an adenine analog effect), we realized that additional characterization of these RNAs which have high AMP concentrations was necessary. We conclude from the following experiments that if poly-A is removed from D-RNA and TB-RNA their base compositions are the same, that the chain length of the AMP-rich polynucleotide from purified TB-RNA is between 72 (as determined by nucleoside/nucleotide ratio) and 160 (as determined by gel electrophoresis), and that the TB-RNA/D-RNA ratio is higher in the cytoplasm than in the nucleus. These data can be interpreted to mean that D-RNA represents an early, nuclear form of mRNA that later becomes TB-RNA, which is the active message in the cytoplasm.
MATERIALS AND METHODS
Growth and Incubation of Plant Tissue. Soybeans (Glycine max L.) were grown and the elongating segments were excised and incubated as previously described (20) , except that an ammonium citrate, rather than a phosphate, buffer (0.1 mm, pH 6.0) was used. Tissue was preincubated in a shaking water bath at 30 C for 1.5 to 2 hr; "Pi (orthophosphate, carrier free) was then added to give a final concentration of 10 to 40 uCi/ ml, unless otherwise stated. Incubation was continued for an additional 3.5 to 4.5 hr. At the end of the incubation each 10-g lot of tissue was washed with ten 100-ml portions of 10 mm NaH2PO4 and 1 liter of H20. Auxin (45 /M 2,4-D) and 3 mM 5-fluorouracil (to prevent rRNA synthesis; see reference 8) Enzyme Digestion. RNA digestion was performed according to Darnell et al. (2) . In a typical digestion, a dried RNA pellet was dissolved in 0.9 ml of 14.5 mm tris HCI, pH 7.4, containing 36 mM NaCl and 1.45 mm MgCl2. RNase-free DNase (0.1 ml of mg/ml) was then added and the mixture was incubated at 37 C for 30 min. After the addition of 0.1 ml of 0.13 M Na2EDTA, 0.1 ml of 100 p.g/ml bovine pancreatic RNAase, and 0.1 ml of 50 units/ml T1 RNase were added and the mixture was incubated at 37 C for an additional 30 min. Gel Electrophoresis. Loening's method of gel electrophoresis (12) at 260 nm on a Gilford recording spectrophotometer). Gels were sliced frozen (1-mm slices, Mickle gel slicer), dried on glass fiber filter discs, and the radioactivity was determined in a scintillation counter (0.3 g of dimethyl POPOP and 5 g of PPO/I of toluene).
Base compositions were determined using KOH hydrolysis (0.3 M KOH, 18 hr, 34 C) and Dowex 1-X8 anion exchange chromatography (6) . Aliquots were either counted in an aqueous scintillation fluid (modified Bray's: 2700 ml of dioxane, 300 g of naphthalene, 15 g of PPO, 150 mg a-NPO) or dried and counted under the toluene scintillation fluid described above.
Cell Fractionation. Tissue was ground with a pestle in a mortar lined with four layers of cheesecloth in 0.2 M sucrose containing 5 mM EDTA, 50 mm potassium phosphate, pH 7.5, and 1 % DEP. Cell wall material was centrifuged out (500g for 15 min) and a nuclei-rich pellet was obtained by centrifuging the supernatant at 9,000g for 10 min. Microscope (18) . For calculation of dpm counting efficiencv, was determined for all fractions. The data represent the averages of three experiments.
RESULTS
The elution of D-RNA and TB-RNA from a MAK column is shown in Figure 1 . Because 5-FU was present in the incubation medium, the major peaks of radioactivity are in the D-RNA and TB-RNA regions (8, 19) . The base compositions in Figure 1 are those obtained by KOH hydrolysis after rechromatographing and purifying the D-RNA and TB-RNA fractions (10, 19) . The AMP concentration is considerably higher in TB-RNA (Table I ; Fig. 2, inset Figure 2 .
The size range of the poly-A sequence from TB-RNA was broad (3S to 9S) with the peak occurring at about 6.5S. Poly-A sequences from D-RNA were significantly smaller. The base composition of the poly-A sequence from purified TB-RNA was greater than 80% AMP ( Fig. 2, inset ; Table I ). In calculating the base composition of poly-A sequences, the small peak of counts on the shoulder of the absorbancy peak corresponding to CMP (Fig. 2, inset) was included in the AMP peak, because it apparently represents a small fraction of the AMP which has been modified during base hydrolysis (15) .
Poly-A sequences from purified TB-RNA were eluted from the 2.4% gel (Fig. 2) . Gel slices representing 65% of the total poly-A peak were taken from the mid-portion of the peak, and the eluted RNA was precipitated with low molecular weight carrier RNA from pea shoots which contained 5.8S and 5.OS rRNA, and 4S tRNA. Electrophoresis on 5% gels (Fig. 3) indicated that the average mol wt of the poly-A (which was 80.2% AMP in these experiments) was 72,500 (Fig. 3,  inset) . Assuming that the nonpoly A portion (19.8%) of the poly-A had a base composition similar to the digestible portion of TB-RNA (Table I) , it could be calculated that the AMP sequence was 160 nucleotides long. However, the measurement of chain length by determination of the 3'-nucleosidenucleotide ratio indicated a length of 72 residues (Table II) . 'Enzyme-digestible portion.
2 Enzyme-resistant portion.
This conflict in the data may be attributable to unusually slow migration of poly-A segments in gel electrophoresis (22) . In either case, the poly-A segment is considerably shorter than that found in mammals (1). Finally, cell fractionation by homogenization and centrifugation was performed. The experiments were intended to answer the question "If we enrich for nuclei (cytoplasm) with respect to cytoplasm (nuclei) do we enrich for D-RNA or TB-RNA?" The RNA in a nucleus-rich fraction (9000g pellet from 5OOg supernatant) was compared to the RNA in the 9000g supernatant. Because 5-FU was included in the tissue incubation with auxin and S'Pi, the newly synthesized RNA was predominately D-RNA and TB-RNA. After MAK chromatography the percentages of D-RNA and TB-RNA in both the cytoplasm-rich fraction and nucleus-rich fraction were determined (Table III) . These data indicate that TB-RNA may be the predominant labeled species in the cytoplasm, whereas D-RNA may be the major labeled species in the nucleus.
With the time and conditions of labeling given in "Materials and Methods," and given the data discussed in the preceding 
DISCUSSION AND CONCLUSIONS
Preliminary reports of poly-A sequences in plants have previously appeared (11, 13). Our experiments indicate that these poly-A sequences are found in D-RNA and TB-RNA, and that these two fractions may differ only in the amount of poly-A they contain. Localization of these RNA fractions by cell fractionation indicates that TB-RNA predominates in the cytoplasm, and D-RNA is the predominant species in the nucleus. Based on this, and other data (2, and references therein), it is possible to postulate that D-RNA is a nuclear mRNA precursor, and TB-RNA is the active cytoplasmic message. This interpretation of the 32P-labeling pattern must, of course, be tentative inasmuch as we have not been successful in measuring the kinetics of labeling with pulse-chase experiments.
The presence of TB-RNA in polyribosomes has been debated (10, 11, 13 Figure 2 . Gel slices from the midportion of the peak (representing 65% of the total counts in the peak) were eluted and rerun on 5.0% gels. Inset: the determination of the molecular weight of poly-A, using 5.8S and 5S rRNA, and 4S tRNA as markers. Molecular weight of poly-A was determined to be 72,500, or 220 nucleotides, but see text for modification of this calculation. (10, 19) . This may account for the presence of poly-A segments in D-RNA. Alternatively, the poly-A segments in the D-RNA fraction are somewhat shorter (Fig. 2) , and this may account for their not staying tenaciously bound to the MAK column. D-RNA, even after purification, could consist of a mixture of RNA molecules, some of which have only short poly-A segments, and some of which have no poly-A segments.
The inhibition by kinetin of TB-RNA synthesis, but not D-RNA synthesis, by excised soybean hypocotyls correlates with its inhibition of elongation (19) . This may be an inhibition of the addition of a poly-A segment to D-RNA, i.e., the effects of cytokinin on cell enlargement and RNA synthesis could be coincidental, with the effect of kinetin being just an analog effect on poly-A polymerase activity. Preliminary experiments (16) indicate that cytokinin-induced radial enlargement of auxin-treated excised soybean hypocotyl segments does not require RNA and protein synthesis in short term (e.g., 8 hr) experiments, and the inhibition by kinetin of auxin-promoted elongation by quantitatively (rather than qualitatively) affecting mRNA synthesis could be an important mechanism in the regulation of the mode of cell growth.
